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SOME OBSEKVATIONS ON LOSS OF S W I C  

STREWGTH DUE TO FA!I'IGUE CRACKS 

By Walter Illg and Herbert F. Hardrath 

Static  tensile tests were performed on simple notched specimens con- 
tain-  fatigue  cracks. Four types of al- al loys were investigated: 
202bT3 (formerly 24S-T3) and 7075-6 (formerly ES-6) in sheet form, 
and 2024-T4 (formerly 24S-Tk) and. 7073-96 (f omer ly  733-6) in extruded 
form. The cracked specimens were tes ted  s ta t ical ly  under four  conditions: 
unmodified &nd. with reduced eccentricity of loading by three methods. 
Results of s t a t i c   t e s t s  an C - 4 6  wings c o n t a u s  fatigue cracks are  Etlao 
reported. 

It was found that  the statfc  strength of 7075 alrrmFmrm allay was 
somewhat more sensitive t o  fatigue cracks  than was that of 2024 alumFnum alLoy. There w&5 little difference between the behavfor of extruded and 
sheet  material in the  same alloy. Ln cases where the  eccentricity of 
loading w a s  m b h i z e d ,  the  effective  stress-concentration factor for  a 
fatfgue crack at static fai lure  was  approximately 1.33. The built-ug 
WFng structure was found t o  have s a u e w h a t  better strength properties 

elements  provided restraints w h i c h  minimized the eccentricity of loading 
on the  fail ing section; and (2) the load w a s  probably redistributed 
among the  various elements during  progressive  failure In the wing. 

. than single-element parts for two reasons: (1) the adjo- structural 

.. 

One problem  of practical aterest  which arises as the result, of the 
formation of a fatigue crack of f in i te   s ize  i s  the prediction of the 
static  strength of a meniber conta-ln-rng such a crack.  Certain failures 
of aircraft 3 n  service and a very l h i t e d  laboratcry investigation Mi- 
cated very serious loss of static strength due t o  d fatigue cracks. 
Other than this, infarmation pertinent t o  this problem in aircraf t  struc- 
tural materials is very sketc'ny. 

In order t o  provide  such Infomt ion ,  the S"uctures Resemch 

study of Loss of s t a t i c  strength due to   fa t igue cracks fn simple  speci- 
mens .  Figure 1 shows the conf3guratim of the Bpeclmens used in this 
investigation. 

. Division of the Langley Aeronautical Laboratory has begun a systematic 

- 
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TESTS AND SPECIMENS 
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The specimens w e r e  d inches wide and they had a free length of 

12 inches between grips. Two semicircuhr notches  with a --inch radius 

were used t o  aid crack initiatim. The net width i n  the  test  section 
was 1.5 inches. Four materials were tested: 2024  and 7075 alumfrnrm 
alloys in both  sheet and extruded forms . 

4 3 
8 

The sheet material was 0.075 inch thick and the extruded material 
w a s  0.125 inch  thick. The specfmens  were sribjected t o  repeated axial 
tensile loads producing average net  section  stresses  not  greater  than 
35,000 pounds per s q w e  inch. A t  least.100,000  cycles were required to 
produce cracks of the desired le-h, The cracks were  measured prior t o  
s t a t i c   t e s t  with  the  aid of a  toolmaker's microscope. Lnspectim of the 
surface af ter  failure revealed a sharp contrast between fatigue-cracked 
and statically  failed  sections and indicated that the cracks had been 
measured with  less  than 1-percent  error. More elaborate methods  of 
checking crack depths were, therefore,  not used, The specimens  were 
then  subjected to s t a t i c   t e s t   t o  determfne the  rmaining  static  tensile 
strength. The maximm tensile load was reached after necking occurred 
a t  the ends of the cracks but  before the crack  lengths  increased t o  a 
noticeable  extent. Since the crack proceeded from only one side of a 
specimen i n  nearly all cases, the s t a t i c  load was eccentric with respect 
t o  the remainfng material. The effect of this eccentricity on the 
results ~ T l l  be discussed subsequently. 

FU?,SLTLTS AND DISCUSSION 

Figure 2 presents some of the  results obtained in t es t s  of 7On-s  
sheet, specimens. The ordinate i s  the  static  strength of a cracked speci- 
men expressed as a percentage of the static  strength of 89 uncracked 
specimen. The abscissa is  the  percent of the ar ig ind  area remaining. 
The dashed line  represents the strength of a cracked specimen based on 
the asslmrption that the loss of strength is equal to   the  loss of area. 
The syaibols represent t e s t  points. The loss of static  strength was 
found t o  be much greater  than  the loss of axe& Over the coq le t e  range 
of the  tests. The effect  i s  most marked i n  the  early  stages of crack 
growth. For instance, when the  net  section was reduced t o  90 percent, 
the strength was reduced t o  50 percent. 

A s m  plot  ( f i g .  3) presents a carparison between results of 
tests on 2024-T4 and 707fs-T6 extrusions. The curve for 7075-6 is  
essentfhlly  the stme as that shown previously for 7075-% sheet; sh i -  laxly, the curve f o r  the 2024-m sheet i s  essentially  the same as that 
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fo r  extrusion shown i n  figure 3. The stren@;th of the 2024 materials 
appears t o  have been reduced somewhat less than the s t r e n g t h  of the 7075. 

P 

In contrast t o  these  tests on simple specimens, the Loads Calibration 
Section of the Langley Aeronautical  Laboratory has per fomd  s t a t i c   t e s t s  
of C-46 Wings which  were 81ibjected t o  fatigue loadling un t i l  varying 
amounts  of tension  material had been failed. The results of these tests 
are  presented in  f igure 4. In  this figure the static  strength of the 
wing containing no fatigue  cracks is  the  strength of the wing as   es t i -  
mated f o r  a tensile  failure. One specimen, containing a crack which 
removed 3 percent of the  tension material in the  critical  cross  section, 
failed by buckling of the compression  cover at  a load 8 percent lower 
than  that  predicted f o r  tensile  failure in a new wing. The remaining 
specimens fa i led   in  tension, and f o r  cracks  penetrating  lees than 30 per- 
cent of the  material, the reductfon i n  strength is approxbately equal 
t o  that which  would be predicted by loss of area alone. These results 
contrast sha;rply with  the results of tests on simple specimens previously 
described. 

In figure 4, the points  with tails represent  cases where the  crack 
had produced failure of a substan%€S;l portion of the tensi le  area. This 
large loss of structural  material  causes a large  increase Fn the eccen- 
t r i c i t y  of loading asd a large decreaee in the  section  properties of the wbg. When such radical  structural  changes are considered, the Large 
deviations in residual  strength of the C-46 wings containing  large  cracks 
from the predicted  values based on a etmple analysis,  represented by the 
dashed line, are probably t o  be expected. 

Two important  dif'ferences in test conditions appeax t o  be among the 

cracks less  than 30 percent. First, in  the slmple specimens the  fatigue 
crack w a s  almost a l w a y s  initiated on only one side of the specfmen md 
this crack general ly grew dulng the s t a t i c  test. The resulting eccen- 
t r i c i t y  of loading undoubtedly contributed t o  the  reductim in  the   s ta t ic  
strength. For small cracks In the C"6 wjng, the  eccentriciQ of loading 
on the  failing  section is mirxhized by a very k g e  effective mcmmrt  of 
iner t ia  t o  r e s i s t  bending Fn the plane of the cover; therefore s m e w h a t  
better strength might be  expected. Second, in the case of the (2-46 w i n g  
with smal l  cracks, whenever a given element fails, the load it carried 
may be shared by other elements which do not con.t;ain fat3lgue cracks. 
Depending upon the   r eh t ive  stifYnesses of the vEwlious elements, the 
remaining parts may carry more Loaa than they were mrq-bg prevfously. 
Ln the simple spechem,  the  stress i s  shifted t o  the neigliboring mte-  
rial, but a very high stress concentration as a resu l t  of the crack is 
s t i l l  present . 

factors  responsible  for  the greater strength of the C-46 wings containing 

1 The effect  of eccentrici- of loading In siznple specimens was 
studied by modifying specimens containing fatigue cracks in such 8 way 



that the bending stress on the  failing  section was at least   par t ia l ly  
e l a t e d .  This was a c c q l i s h e d  Fn three ways as shown i n  figure 5. 

The f i r s t  sketch of the  figure shows an unmodified specimen  con- 
t a w  a fatfgue crack. I n  the specimens i l lustrated by the second 
sketch, material w a s  removed fkom the cracked side of the- -specimens so 
that the depth of the crack w a s  equal t o  the depth of the notch on the 
other  side. The turd sketch  illusk.ates  those  spechens in which a 
cut was made with a f ine jeweler * s saw t o  simulate R crack on the s i d e  
opposite the fatigue crack. For this case, the net  area is defined as 
the  area remaining after  the saw cut was made. Finally the fourth sketch 
shows the specimens shortened t o  4 inches between the grips  instead of 
I 2  inches as  in  the  other specimens. 

The results f o r  2024-T3 sheet  are shown i n  figure 6 .  The circles 
in   th i s  figure represent tests on unmodified spechem, and the triangles, 
squares, and diamonds represent tests i n  which the specimens  were modi- 
fied  as  indicated by the sketches and synibols in  figure 5 to reduce 
eccentricity of loading and thereby  the bending stress on the  failing 
section. The results of these  three  series of tests  are  essentially  the 
same and show S significant improvement in  strength over most of the range 
of  the  tests.  The dashed l ine was computed  on the assumption that the 
stress on the  failing  section was 75 percent of the or iginal  ultimate  ten- ' 

sile strength. In other words, it appears that  the  effective  stress- 
concentration  factor of a fatigue crack a t  s ta t ic   fa i lure  was about 1.33. 
The greater  reduction of strength  for  the unmodified specimens was evi- 
dently due t o  the bending stresses  set  up by unsymmetrical loading. This 
eccentricity was less  important for  small cracks than f o r  large ones, and 
the  tests  indicated  equivalent  strengths f o r  the small craclrs,. . 

Although the t e a t s  performed t o  date  are  not  sufficient t o  w i v e  
a t  definite  relationships f o r  loss of s t a t i c  strength,  the following 
qualitative conclusions seem justified. The static  strength of 7075 
d m m  alloy was samewhae more sensit ive  to  fatigue cracks than was 
that of 2024 aluminum allay. There was l i t t l e  dffference between the 
behavior of extruded and sheet  materid in the same alloy. In cases 
where the eccentricf-t;y of loading was minimized, the  effective  stress 
concentration f o r  a fatigue crack under s t a t i c  load was approximately 1.33. 
A cmplex  structure i s  l ike ly   to  have somewhat better strength properties 
than  single-element pmts  f o r  two reasons: (1) the  aajoining  structural 
elements usually provide restraints which  minimize eccentricity of loading 
on the- failing section, and (2) the load is probably redistributed among 
the various elements  during progressive  failures. . 
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The  extension of the quantitathe observations  discussed  here to 
other  cases  should  not be done  without  extreme caution. There  is some 

specimens,  exhibit  considerably  greater  reductions in strength. 
- unpublished  evldence  that  other configura$ions, especially wider sheet 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field., Va., April 13, 1955. 
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TYPICAL  SPECIMEN 
A 
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Figure 1 

EFFECT OF FATIGUE  CRACKS ON STATIC STRENGTH 
7075-T6  SHEET 
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EFFECT OF FATIGUE  CRACKS OM STATlC STRENGTH 
2024-T4 AND 7075-T6 EXTRUSIONS 
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EFFECT OF FATIGUE  CRACKS ON STATIC  STRENGTH 
C-46 WINGS 
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SPECIMEN  MODIFICATIONS 
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